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(57) Abstract 

A reaction with distillation column (10) is provided with 
a plurality of discrete catalytic reaction containers (22). The 
containers contain a plurality of solid catalyst particles (30) 
which form a catalytic reaction zone (54). The containers (22) 
also comprise a liquid collection tray cover (36) which defines a 
liquid accumulation zone (56) immediately overlying the catal- 
ytic reaction zone (54). Overflow weirs (40) are provided on the 
tray cover to allow for overflow of liquid on the tray cover. The 
containers can be individually positioned within the reactor to 
suit particular process requirements. 
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CATALYTIC REACTION AND MASS TRANSFER STRUCTURE 
AND PROCESS EMPLOYING SAME 

Rankaround of the Invention 
The present invention relates in general to reaction 
5 with distillation columns wherein mass transfer and chemical 
reaction occur within the same general region and, more 
particularly, to a structure within that region for containing 
solid catalyst particles which cause the chemical reaction to 
occur. The invention also relates to a reaction process 
10 employing a plurality of such structures. 

Conventional catalytic reaction structures include 
containers which are filled with solid catalyst particles 
and are arrayed within a distillation column reactor. One 
example of a structure of this type comprises a cloth belt 
15 having a plurality of pockets which contain the catalyst 
particles and which are supported within the reactor by a 
steel wire support structure. 

A problem that results from the cloth belt type of 
catalytic reaction structure is the difficulty in initially 
20 placing or subsequently varying the placement of the belt to 
achieve the desired fluid flow patterns and performance 
efficiencies. In addition, the durability of the cloth 
structures of this type may be less than desired, resulting 
in the need to periodically replace the cloth belt. It can 
2 5 be appreciated that removal and replacement of the belts can 
be a labor intensive and time consuming process. 
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Summary of the Invention 
It is an object of this invention to provide 
individual catalyst-holding containers which can be readily 
positioned within a reaction with distillation column to 
5 provide preselected liquid and vapor flow patterns within a 
region of the reactor in order to achieve the desired 
processing efficiency for a reaction with distillation process 
occurring within that region of the column. It is also an 
object of this invention to provide individual catalyst- 

10 holding containers which can be easily repositioned within a 
reaction with distillation column to vary the liquid and 
vapor flow patterns within a region of the column to achieve 
the desired processing efficiency. 

It is another object of this invention to provide 

15 individual catalyst-holding containers for placement within 
a reaction with distillation region of a column and which 
can be individually removed from the reactor, if desired, so 
that the catalyst within the containers can be more easily 
replaced without having to remove all of the containers as 

20 one unit. 

It is a further object of this invention to provide 
a container for use in a reaction with distillation column 
to hold a quantity of a catalyst to form a catalytic reaction 
zone and which container also includes an overlying tray 
25 cover for accumulating liquid so that liquid can be 
preferentially directed into the catalytic reaction zone, 
including at an increased flow rate. 

It is yet another object of this invention to 



WO 94/08681 PC17US93/09697 

- 3 - 

provide a catalyst retaining container for use in a reaction 
with distillation column for catalytic reaction of a liquid 
stream, and which container also includes a liquid collecting 
tray cover which allows a portion of the liquid stream to be 
5 directed through the catalytic reaction zone formed by the 
catalyst while another portion of the liquid stream is allowed 
to overflow the tray cover and enter a surrounding mass 
transfer zone so that additional vapor-liquid interaction 
and mass transfer can take place between the overflowing 
10 liquid and a vapor stream. 

It is a further object of this invention to provide 
a container of the type described which allows the quantity 
of liquid that accumulates in the liquid collecting tray 
cover to be readily varied, thereby allowing the containers 
15 to be used for various types of reaction with distillation 
processes while achieving the desired processing control. 

It is a still further object of this invention to 
provide a method for operating a reaction with distillation 
column to allow concurrent (i) catalytic reaction of a portion 
2 0 of a liquid stream encountering a container having a catalytic 
reaction zone, and (ii) mass transfer between another portion 
of the liquid stream and a vapor stream, so that enhanced 
mass transfer can be achieved. 

To accomplish these and other related objects of the 
2 5 invention, in one aspect the invention is related to a 
container for placement in a region of a reaction with 
distillation column, said container comprising: a peripheral 
side wall defining an interior cavity sized for containing a 
plurality of solid catalyst particles which form a catalytic 
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reaction zone within the container; a bottom panel joined to 
the peripheral side wall to retain the solid catalyst 
particles within the interior cavity; a tray cover coupled 
with the peripheral side wall and overlying the interior 
5 cavity for collecting liquid, said tray cover having a 
perforate panel to allow passage of liquid from the tray 
cover to the catalytic reaction zone. 

In one embodiment, the tray cover has upstanding 
walls positioned along a periphery of the perforate panel. 
10 The walls are of a height to allow liquid to accumulate to a 
desired depth on the tray cover and, optionally, allow for 
overflow of liquid from the tray cover. 

In another aspect, the invention encompasses a 
reaction with distillation column containing a plurality of 
15 such containers in a combination mass transfer and reaction 
region of the column, preferably arrayed in vertically spaced 
layers with containers within each layer extending in a 
generally parallel orientation and with containers in one 
layer extending longitudinally at an angle of between 0 and 
20 90 degrees in relation to a longitudinal orientation of 
containers in an adjacent layer. Desirably, the containers 
are also positioned so that containers in one layer at least 
partially overlie an open space between containers in the 
underlying layer so that a vapor stream flowing upwardly 
25 through the open space will be at least partially blocked by 
the overlying containers and will be forced to flow around 
those containers. 

In a still further aspect, the invention is directed 
to the use of the containers in a process of operating a 
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mass transfer column structure for concurrent catalytic 
reaction of a liquid stream and mass transfer between the 
liquid stream and a vapor stream. The process comprises the 
steps of: supplying a plurality of the containers within a 

5 reaction with distillation region in the open interior of 
the column structure; passing the vapor stream upwardly 
through a mass transfer zone within the region; directing 
the liquid stream to the region and directing at least a 
portion of the liquid stream onto a tray cover of one of 

10 said containers at a flow rate sufficient to cause the liquid 
stream to accumulate on the tray cover; passing a first 
portion of the liquid stream on the tray cover through a 
perforate panel of the tray cover and into an underlying 
catalytic reaction zone and catalytically reacting said first 

15 portion of the liquid stream in the catalytic reaction zone 
to form a reaction product; directing said first portion of 
the liquid stream containing said reaction product from the 
container and into said mass transfer zone for interaction 
with the vapor stream; directing at least part of said first 

20 portion of the liquid stream from the mass transfer zone to 
another one of said containers for additional catalytic 
reaction and subsequent mass transfer; and withdrawing the 
products of catalytic reaction and mass transfer from the 
reaction with mass transfer region. 

25 Additionally, the process may include the 

step of regulating the liquid stream to cause accumulation 
of a portion of the liquid stream on said tray covers to a 
level whereby a second portion of the liquid stream overflows 
the tray cover and enters the mass transfer zone for 
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interaction with the vapor stream. 

Brief Description of the Drawings 
In the accompanying drawings which form a part of 
the specification and are to be read in conjunction therewith 
5 and in which like reference numerals are used to indicate 
like parts in the various views: 

Fig. 1 is a fragmentary side elevational view of a 
reaction with distillation column in accordance with the 
present invention and taken in vertical section; 
10 Fig. 2 is an enlarged perspective view of a 

catalytic reaction container in accordance with the present 
invention and of the type shown supported within the reactor 
in Fig. 1, portions of the peripheral wall of the container 
being broken away to show the solid catalyst particles 
15 positioned within the container; 

Fig. 3 is a perspective view of an alternate 
embodiment of a catalytic reaction container similar to that 
shown in Fig. 2, but with the peripheral wall being formed 
from perforate rather than imperforate material, and portions 
20 of the wall being broken away to show the solid catalyst 
particles contained therewithin; 

Fig. 4 is an end elevational view of the catalytic 
reaction container illustrated in Fig. 3 and taken in vertical 
section along line 4-4 of Fig. 3 in the direction of the 
25 arrows; 

Fig. 5 is a perspective view of a still further 
embodiment of a catalytic reaction container, portions of 
the peripheral wall of the container being broken away to 
show the solid catalyst particles contained therein; 
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Fig. 6 is a fragmentary side elevational view taken 
in vertical section of a reaction with distillation column 
similar to that shown in Fig. 1 but with the catalytic 
reaction containers being positioned in a different pattern 

5 than that shown in Fig. l; 

Fig. 7 is a fragmentary side elevational view taken 
in vertical section of a reaction with distillation column 
similar to that shown in Fig. 6 but utilizing the catalytic 
reaction containers of the type shown in Fig. 3 and showing 
10 them arranged in a still further pattern; 

Fig. 8 is a fragmentary side elevational view of a 
reaction with distillation column similar to that shown in 
Fig. 7 but with the catalytic reaction containers being 
positioned in a still different pattern and with distillation 
15 packing being positioned surrounding the containers; and 

Fig. 9 is a top plan view of the reaction with 
distillation column of Fig. 8 taken in horizontal section 
along line 9-9 in Fig. 8 in the direction of the arrows and 
with the packing being removed to better illustrate the 
20 arrangement of the containers. 

n a cnriptioTi of +-hP. Prefer™* F-™ho<iiment 
Referring now to the drawings in greater detail and 
initially to Fig. 1, a reaction with distillation column in 
accordance with the present invention is represented broadly 
25 by the numeral 10. Column 10 may be any of various types of 
distillation columns or mass transfer reactors having a 
general region in which both mass transfer and chemical 
reaction occur, preferably concurrently. Typically, the 
column 10 will include one or more other zones or regions in 
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which other processing such as distillation and/or other 
mass transfer processes occur. The additional regions may 
be above and/or below the reaction with mass transfer region. 

Column 10 comprises an external upright shell 12 
5. which may be of cylindrical, rectilinear or other desired 
configuration and defines a generally open internal chamber 
14. Column 10 includes an upper inlet pipe 15 for directing 
a fluid stream, typically a liquid stream, within the shell 
12 and into an upper portion of chamber 14. An upper outlet 
10 pipe 16 is provided for removing a vapor stream from column 
10. Another outlet pipe 18 is provided at the bottom of 
shell 12 for removing a fluid stream from the column 10. An 
inlet pipe 19 may also be provided at the bottom of the column 
10 for introducing a fluid such as a vapor stream into the 
15 column. 

The column 10 includes a reaction with distillation 
region 20 that forms a portion of the internal chamber 14. 
The internal chamber 14 may include various other types of 
zones or regions in addition to region 20. For example, 
20 multiple reaction with distillation regions 20 may be utilized 
and regions in which only distillation occurs may be provided 
above and/or below the reaction with distillation region (s) 
20. This is contemplated by and is within the scope of the 
invention. 

25 A distributor (not shown) will typically be utilized 

to feed a liquid stream into the reaction with distillation 
region 20. If a distillation region is provided above region 
20, any of various suitable types of collectors will be used 
to feed the liquid stream to the distributor. Likewise, the 
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liquid stream leaving the region 20 will typically be 
collected by a device which feeds an underlying region such 
as a distillation zone. 

A plurality of containers 22 constructed in 
5 accordance with the present invention are positioned within 
reaction with distillation region 20 on supports 24 which 
are suitably mounted within the shell 12. The supports 24 
are constructed and arranged so that they will not 
substantially interfere with liquid flowing from containers 
10 22 or fluids otherwise flowing within the region 20. 

Turning additionally to Fig. 2, it can be seen 
that each of containers 22 includes upright side walls 26 
and end walls 28 which are joined together to form a generally 
rectilinear peripheral side wall which defines an enclosure 
15 in which a plurality of solid catalyst particles 30 are 
maintained. The configuration of containers 22 is not limited 
to being rectilinear but may include cylindrical and other 
configurations as well. The peripheral walls 26 and 28 are 
formed of an imperforate material which is suitable for 
20 withstanding the conditions within reactor 10 and is rigid 
enough to contain the catalyst particles 30. Various types 
of metals are well suited for this purpose. 

A perforate bottom panel 32 is connected to the 
peripheral walls 26 and 28 of container 22 to enclose the 
25 bottom thereof and to support the catalyst particles 30. 
The bottom panel 32 can be formed from various types of mesh 
or other suitable material having intersticial openings 34 
sized for allowing passage of fluids but preventing passage 
of the catalyst particles 30. 
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The container 22 also includes a liquid collection 
tray cover 36 which overlies the catalyst particles 30 and 
comprises a horizontally disposed perforate panel 38 and 
upstanding wall extensions 40 and 42 at the periphery of 
5 panel 38. The wall extensions 40 and 42 may be formed either 
separately from or integrally with the associated lower walls 
26 and 28. Preferably, the wall extensions 40 and 42 extend 
upwardly from the upper edge of lower walls 26 and 28 and 
are co-planer therewith. The wall extensions may be 
10 constructed from the same material used for the lower walls 
26 and 28. 

The tray cover 36 is constructed to allow the 
accumulation of liquid on the tray cover to form a liquid 
reservoir at predetermined liquid flow rates. The major 
15 wall extensions 40 function in part as overflow weirs and 
include a mechanism for controlling liquid flow, such as a 
plurality of triangular-shaped overflow apertures 44 which 
permit liquid to overflow the tray cover 36 when the liquid 
level reaches the apertures 44. Other aperture shapes can 
20 also be used and, if desired, the apertures can extend to 
the top edge of the wall extensions 40 to form notches which 
are open at their upper ends. As illustrated, the apertures 
44 are uniformly spaced along wall extensions 40 and are 
oriented so that an apex of the triangular-shaped aperture 
25 is closest to the perforate bottom panel 38 of the tray cover 
36. The apertures are vertically spaced above the panel 38 
to obtain the desired liquid level on tray cover 36 before 
the liquid overflows through apertures 44. Alternatively, 
in some applications it may be desirable to omit the apertures 
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44 from the wall extensions 40. In such applications, liquid 
would simply overflow the top edges of the wall extensions. 

It can be seen that the liquid accumulating 
on tray cover 36 creates a head of liquid which forces the 
5 liquid through the catalyst particles 30 in the container 22 
at a flow rate that increases with increasing liquid head, 
in certain applications, this ability to force more liquid 
through the catalyst greatly increases the efficiency of the 
reaction process as more unreacted liquid is presented to 
10 the catalyst and the reaction products are flushed from 
contact with the catalyst at a faster rate so that they do 
not interfere with the reaction process. 

The total open area provided by apertures 44 is 
set to achieve the desired volumetric overflow of liquid 
15 from the tray cover 36. The liquid level on the tray cover 
36 and the open area of apertures 44 can be varied by vertical 
movement of a sliding plate 46 which can be moved to block a 
portion of the apertures 44. The sliding plate 46 is secured 
to an outer face of one of wall extensions 40 by an adjustable 
20 fastener such as a series of screws 48 which are received 
within slots 50 formed in the sliding plate 46. The plate 
46 can be moved to the desired position in which a bottom 
portion of each of the apertures 44 is blocked and the plate 
is then secured in that position by tightening of the screws 
25 48. The plate 46 thus can be used to quickly and easily 
increase the liquid head created by liquid accumulating on 
tray cover 36 by raising the level at which the liquid 
overflows through the apertures 44. Another sliding plate 
(not shown) can be secured to the opposite wall extension 40 
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and adjusted to the same or different height as plate 46. 

The perforate panel 38 of liquid collection tray 
cover 36 overlies the solid catalyst particles 30 and is 
suitably secured to either the lower walls 26 and 28 or wall 
5 extensions 40 and 42. Desirably, the container 22 is 
constructed so that the panel 38 and optionally the wall 
extensions 40 and 42 can be removed to allow for loading and 
removal of the catalyst particles 30 within the container 
22. Preferably, the panel 38 and wall extensions 40 and 42 
10 are removable as an integral unit. The panel 38 may be 
formed from a mesh or other suitable material having 
interstitial openings 52 which allow downward passage of 
liquid from the tray cover 36 to cause wetting and flushing 
of the underlying catalyst particles 30. The panel 38 also 
15 serves as a cover to retain the catalyst particles 30 within 
the enclosure formed by walls 26 and 28 and bottom panel 32, 
so the openings 52 are sized to prevent passage of the 
catalyst particles. 

The solid catalyst particles 30 may be formed of any 
20 suitable catalyst desired for a particular catalytic reaction 
process. The catalyst may be an acidic or basic catalyst or 
may comprise catalytic metals and their oxides, halides or 
other chemically reacted states. Molecular sieves may also 
be utilized as the catalyst. The catalyst chosen should be 
25 heterogeneous with the system reaction and the fluids charged 
to the column. By way of example, acid cation exchange resins 
may be used for dimerization, polymerization, etherif ication, 
esterification, isomerization, and alkylation reactions. 
Other catalysts such as molecular sieves, magnesia, chromia 
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and brucite may be used for isomerization reactions. 

The solid catalyst particles 30 can be a 
cylindrical^ shaped extrudate or in the form of small beads 
or the like or may comprise irregularly shaped granules or 
5 fragments. The term "particulate" as used herein is intended 
to encompass all of the foregoing. The size of the catalyst 
particles may be varied depending upon the requirements of 
the particular applications. 

The catalyst particles 30 are loaded into each 
10 container 22 to the desired level to form a permeable 
catalytic reaction zone 54 within the container which allows 
for the passage of the downward flowing liquid. The catalytic 
reaction zone 54 within each container 22 immediately 
underlies and is in communication, with a liquid accumulation 
15 zone 56 which is defined by the liquid collection tray cover 
36. Preferably, any liquid entering the catalytic reaction 
zone 54 in any container 22 must first pass through the 
perforate panel 38 in the overlying tray cover 36 of that 
container. 

It can be seen that each container 22 provides 
discrete catalytic reaction and liquid accumulation zones 54 
and 56, respectively, which are in direct communication so 
that a portion or all of the liquid on the tray cover 36 is 
passed directly into the catalytic reaction zone 54. The 
25 zones 54 and 56 in each container are also separate and 
independent of the similar zones in the other containers 22 
so that each container may be positioned generally 
independently of the other containers. 

Liquid which flows into the catalytic reaction 



20 
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zone 54 of a container 22 passes downwardly through zone 54 
and undergoes the desired catalytic reaction. The reacted 
liquid is then forced from the container 22 through the 
perforate bottom panel 32 and enters a surrounding mass 

5 transfer zone 58 for mass transfer with a vapor stream which 
has been charged to the reactor 10 or has been generated 
within the reactor 10. Mass transfer zone 58 generally 
comprises the open volume within region 20 which is not 
occupied by containers 22. 

10 Optionally, a portion of the liquid in the liquid 

accumulation zone 56 does not enter the catalytic reaction 
zone 54 but overflows the tray cover 3 6 in either a continuous 
or discontinuous sheet and enters the mass transfer zone 58 
for interaction with the vapor stream. This liquid overflow 

15 thus allows a greater quantity of liquid to be charged to 
the reaction with distillation region 20 and, hence, the 
mass transfer zone 58 than could otherwise be accommodated 
if all of the liquid were forced to flow through the catalytic 
reaction zone 54. Mass transfer is also facilitated because 

2 0 the liquid is more effectively distributed through the zone 
58. This enhanced distribution results from the liquid 
overflowing from the sides of containers 22 and entering 
the open area between the containers instead of only exiting 
through the bottom panels 32 of the containers. Mass transfer 

2 5 is further enhanced when the liquid overflow is at a rate 
sufficient to cause a continuous sheet of liquid extending 
outwardly from the sides of the containers 22. The liquid 
sheet then acts as a barrier through which the vapor stream 
must pass, thereby resulting in more intimate contact between 



10 
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the liquid and vapor. 

It will be appreciated that in certain applications 
it may not be necessary or desirable for the liquid to 
overflow the tray covers 36. The wall extensions 40 and 42 
5 in such applications would be of a sufficient heiqht to create 
a liquid head which will drive all of the liquid entering 
the tray cover 36 through the catalytic reaction zone 54 at 
an increased rate and, typically, with increased reaction 

efficiencies. 

The arrangement of containers 22 within column 10 
is selected to achieve the desired distillation and process 
efficiency. As is Jaest shown in Fig. 1, the containers 22 
are arrayed in a plurality of rows at different levels within 
the reaction with distillation region 20 of the column 10. 
15 Each row may be formed from a single container which extends 
between the opposed walls of shell 12 or two or more 
containers may be placed end-to-end to form each row. The 
rows within each level extend generally parallel to each 
other and extend at an angle of between 0 and 90 degrees in 
20 relation to the rows of containers in an adjacent level. As 
shown in Fig. 1, the rows in adjacent levels extend at an 
angle of 0 degrees, or parallel to each other. It is also 
preferred that the rows of containers in one level at least 
partially overlie or underlie the open space between container 
25 rows in adjacent levels. As illustrated, the container rows 
completely overlie the open space in the adjacent level so 
that the vapor stream flowing vertically through an open 
space in one layer is forced to travel horizontally to pass 
around the containers in the next layer. 
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The container arrangement illustrated in Fig. 1 is 
also desirable because overflowing liquid will generally be 
directed to the liquid collection tray covers 36 in the next 
layer of containers 22 while the liquid which has passed 
5 through the catalytic reaction zone 54 will generally fall 
through the open space between the containers in the next 
layer and will enter the tray covers 3 6 in the next underlying 
layer of containers 22. The catalytically reacted liquid is 
thus able to bypass the immediately underlying layer of 

10 containers but the liquid which has not passed through the 
catalytic reaction zone 54 is preferentially channeled to the 
immediately underlying layer of containers where a portion 
of the liquid will be forced to pass through the catalytic 
reaction zone in those containers. Greater operating 

15 efficiencies can thus be achieved by this arrangement of 
containers. 

In a method in accordance with the present 
invention, the containers 22 are positioned within the 
reaction with distillation region 20 and a fluid stream, 

20 preferably comprising a liquid stream, is charged to the 
column 10 such as through inlet pipe 15. The liquid stream 
may optionally pass through other regions such as distillation 
zones before it is collected and distributed to reaction 
with distillation region 20. A gas or vapor stream may 

25 optionally be introduced to region 20 such as from inlet 19 
and through one or more intermediate regions. The liquid 
stream passes downwardly through region 20 and a portion of 
the liquid stream passes from one container 22 to one or more 
underlying containers which, depending upon the placement of 
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the containers 22, may be at the next underlying level within 
zone 20 or may be at other underlying levels. Portions of 
the liquid stream that accumulate on the tray covers 36 of 
containers 22 are preferentially channeled through the 
5 catalytic reaction zone 54 while other portions are allowed 
to overflow the tray covers 36. 

The portions of the fluid stream that enter the 
catalytic reaction zone 54 within the containers 22 undergo 
catalytic reaction and the concentration of the reaction 
10 product in the liquid stream will typically (but not always) 
increase as the liquid stream moves downwardly. The 
overflowing portions of the liquid stream as well as the 
catalytically reacted portions of the liquid stream enter the 
surrounding mass transfer zone 58 for interaction with the 
15 vapor stream to cause mass transfer between the liquid and 
vapor. The heavier reaction and mass transfer products can 
be removed from reactor 10 through bottom outlet pipe 18 or 
in other suitable fashions, while the more volatile components 
can be removed as an overhead in outlet 16. 
20 The amount of the liquid stream entering the 

catalytic reaction zone 54 within containers 22 can be 
regulated by controlling the volumetric flow of the liquid 
stream charged to the mass transfer zone 20, as well as by 
varying the height of the sliding plates 46 to adjust the 
25 liquid head on tray covers 36. In most commercial 
applications it will be important to initially set the sliding 
plates 46 at the correct height to minimize the need for 
adjustments after startup. At some lower volumetric flow 
rates, substantially all of that portion of the liquid stream 
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directed onto tray covers 3 6 will flow through the perforate 
bottom panel 38 of the tray cover and directly into the 
underlying catalytic reaction zone 54 of the same container. 
After passing completely through the catalyst zone, the liquid 
5 stream is then discharged through the perforate bottom panel 
32 of the container. At relatively higher volumetric flow 
rates, i.e. those which exceed the permeability rate through 
the catalytic reaction zone 54, a portion of the liquid stream 
will accumulate on the tray covers 3 6 and will overflow 

10 through apertures 44 without passing through the catalytic 
reaction zone 54. The permeability rate of the liquid 
through the containers 22 can alternatively be controlled by 
the sizing of the interstitial openings 34 or 52 in either 
of panels 32 or 38 through which the liquid must flow or by 

15 adjusting the size and size distribution of the catalyst 

particles 30. 

As the vapor stream passes upwardly, it flows 
through the zone 58 and around containers 22. The vapor 
stream contacts the liquid flowing from containers 22 and 

20 mixes therewith to cause mass transfer. Because the 
containers 22 are arrayed in a grid which blocks the vertical 
flow channels, the vapor stream must wind its way through 
the grid and more effective mass transfer is achieved. 
Notably, the vapor stream is forced to flow horizontally as 

25 well as vertically as it flows through the container grid. 
The vapor stream is thus forced to pass through a fluid stream 
coming out of the bottom of each container as well as that 
overflowing the sides of the containers. 

The ratio of total catalytic reaction zone 54 to 
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mass transfer zone 58 can be selected to meet the requirements 
of particular applications. As but one example, one-half of 
the total volume within region 20 can comprise mass transfer 
zone 58, with the catalytic reaction zone 54 comprising one- 
5 third and the liquid accumulation zone 56 comprising one- 
sixth of the total volume. These volumes can, of course, be 
varied to suit particular processing requirements. It will 
be appreciated that the reaction process can be varied from 
that described such as by utilizing several fluid streams 

10 carrying different components and/or by charging multiple 
vapor streams to the reactor 10. This is contemplated by 
and is within the scope of the invention. 

Advantageously, the use of containers 22 within 
column 10 allows for greater control over the reaction process 

15 by providing discrete catalytic reaction zones 54 that can 
be separately removed or positioned within reactor 10. 
Moreover, because the containers 22 can be easily removed 
from the reactor 10, the quantity of catalyst particles 30 
within any particular container can be varied by removing 

20 only that container instead of having to remove all of the 
containers. The easy removal of the containers 22 also makes 
it more convenient to renew the catalyst particles 30 
contained therein. Because of the low cost of containers 
22, they are particularly well suited for processes such as 

25 those for the production of MTBE. 

Turning now to Fig. 3-4, an alternate embodiment 
of a container is represented broadly by the number 200. 
Container 200 is similar to container 22 previously described 
except it contains perforate side walls 202 and end walls 
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204 and, imperforate wall extensions 206 and 208. The walls 
202 and 204 and wall extensions 206 and 2 08 are formed of 
suitable materials such as screen or mesh material for the 
walls and metal sheets for the wall extensions. A rigid 
5 frame 210 is used to support the walls and extensions. 

The container 200 includes a plurality of solid 
catalyst particles 212 which are supported on a perforate 
bottom panel 214 which is connected to the walls 202 and 
204. The catalyst particles 212 form a catalytic reaction 

10 zone 216 as previously described with respect to container 
22. A liquid collection tray cover 218 is formed overlying 
the catalytic reaction zone 216 by the wall extensions 206 
and 208 and a perforate panel 220 which is removable and 
also serves to retain the catalyst particles within zone 

15 216. The wall extensions 206 include apertures 222 of the 
type previously described which allow for overflow of liquid 
from the tray cover 218. A sliding plate (not shown) similar 
to plate 46 described with respect to container 22 may be 
provided to block a portion of the apertures 222 to control 

20 the liquid accumulation level on the tray cover 218. Also 
as previously described, the tray cover 218 forms a liquid 
accumulation zone 224 which is in direct communication with 
catalytic reaction zone 216. 

Another embodiment of a container is shown in Fig. 

25 5 and is represented by the numeral 300. The container 300 
is constructed with imperforate side walls 302 and end walls 
304, although perforate walls could be used if desired. 
Container 300 includes a tray cover 306, which unlike those 
previously described, does not include upstanding wall 
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extensions. Instead, downturned walls 308 or other mechanisms 
may optionally be provided to secure a panel 310 over the 
catalyst 312 contained within the container. 

The containers 200 and 300 can be utilized in the 
5 same manner as containers 22 to allow for concurrent catalytic 
reaction and mass transfer of fluid stream (s) in discrete 
zones. One manner of placement of the containers 200 within 
a reaction with distillation column 400 is illustrated in 
Fig. 6. The containers 200 are placed on supports 402 mounted 
10 on a shell 404 of column 400 and are positioned in spaced 
apart rows at different levels within the column. As 
illustrated, containers 200 at one level are of a different 
width and are oriented with their longitudinal axes extending 
at an angle of 0 degrees from the longitudinal axes of the 
15 containers in the adjacent levels. The containers 200 thus 
form a layered grid structure such that a portion of the fluid 
flowing from a container at one level is directed to one or 
more containers 200 in the immediately underlying layer while 
another portion of the fluid is directed to one or more 
20 containers 200 in the next underlying layer. 

A further arrangement of containers 200 is shown 
in Fig. 7 wherein the containers 200 are stacked on top of 
each other within reaction with distillation region 500 in a 
column 501. A series of supports 502 are provided to support 
25 a number of stacked containers 200. Successive layers of 
containers 200 extend longitudinally at right angles to the 
orientation of the containers in adjacent layers. It is to 
be understood that various other angles may be suitable or 
desired for particular applications. Containers 200 in 
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alternating layers are also offset to minimize the amount of 
liquid bypassing the containers at any level within column 
501 and to force the upwardly flowing vapor to flow around the 
containers for improved liquid-vapor interaction. 
5 A still further arrangement of containers 2 00 is 

shown in Figs. 8-9 wherein each layer of containers 200 is 
placed on a support 600 mounted on shell 601 and adjacent 
layers are arrayed at right angles. Packing 602 is provided 
in the mass transfer zone 604 around the containers 200 to 

10 facilitate mass transfer and distillation. The packing 602 
is shown as being a ring type packing but it may comprise 
any of the various types of suitable plate-like or saddle 
type packing or other structures which are commercially 
available. It will be appreciated that packing 602 can 

15 greatly enhance the mass transfer between the liquid and vapor 
streams by causing more uniform distribution thereof and more 
intimate contact therebetween. As can be seen in Fig. 9, the 
containers at one level can be arranged in a staggered fashion 
to the containers two levels below so that the vertical 

2 0 passages are blocked and the ascending vapor stream must 
wind its way around the containers. In order to illustrate 
this arrangement, the packing 602 has not been shown in Fig. 
9. 

From the foregoing, it will be seen that this 
25 invention is one well adapted to attain all the ends and 
objects hereinabove set forth together with other advantages 
which are obvious and which are inherent to the structure. 

It will be understood that certain features and 
subcombinations are of utility and may be employed without 
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reference to other features and subcombinations. This is 
contemplated by and is within the scope of the claims. 

Since many possible embodiments may be made of the 
invention without departing from the scope thereof, it is to 
5 be understood that all matter herein set forth or shown in the 
accompanying drawings is to be interpreted as illustrative 
and not in a limiting sense. 
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Having thus described the invention, what is claimed 

is: 

1. A container for placement in a region of a 
distillation column, said container comprising: a peripheral 

5 side wall defining an interior cavity sized for containing a 
plurality of solid catalyst particles which form a catalytic 
reaction zone within the container; a bottom panel joined to 
the peripheral side wall to retain the solid catalyst 
particles within the interior cavity; a tray cover for 
10 accumulating liquid and coupled with the peripheral side 
wall and overlying the interior cavity, said tray cover having 
a perforate panel to allow passage of liquid from the tray 
cover to the catalytic reaction zone. 

2. The container as set forth in claim 1, 
15 including upstanding walls positioned along a periphery of 

the perforate panel and of a height to allow liquid to 
accumulate on the tray cover - 

3. The container as set forth in claim 2, wherein 
at least one of said upstanding walls of the tray cover has 

2 0 an aperture for permitting overflow of the liquid accumulating 
on the tray cover. 

4 . The container as set forth in claim 3 , including 
a slidable plate mounted for blocking a portion of the 
aperture to prevent liquid overflow from the tray cover until 

25 the liquid reaches an unblocked portion of the aperture. 

5. The container as set forth in claim 3, wherein 
said peripheral side wall has a plurality of openings to 
allow for passage of liquid through the openings from within 
the container. 
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6. The container as set forth in claim 5, wherein 
said upstanding walls contain a plurality of openings for 
allowing passage of liquid through the openings. 

7. The container as set forth in claim 1, wherein 
5 at least a portion of said tray cover is removable to allow 

for loading and unloading of said solid catalyst particles 
within said interior cavity. 

8. The container as set forth in claim 1, wherein 
said bottom panel supports the catalyst when the catalyst is 

10 placed within the interior cavity of the container and 
includes a plurality of openings to allow passage of liquid 

therethrough . 

9. A mass transfer and reaction column comprising: 
an elongated upright column structure having an open interior 

15 region; and a plurality of catalytic reaction containers 
positioned within said open interior region, said catalytic 
reaction containers each having a peripheral side wall 
defining an interior cavity containing a plurality of solid 
catalyst particles and a perforate bottom joined to the 
20 peripheral side wall to permit the passage of a liquid through 
the bottom of the container, each of said catalytic reaction 
containers including a liquid collection tray cover coupled 
with the peripheral side wall and overlying the interior 
cavity, said tray cover having a perforate panel to allow 
25 passage of liquid from the tray cover to the catalytic 
reaction zone and upstanding walls positioned along a 
periphery of the perforate panel, said walls being constructed 
to permit accumulation of liquid on the tray cover, said 
catalytic reaction containers being arrayed in a plurality 
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of rows in vertically spaced layers within the open interior 
region of the upright column structure. 

10. The mass transfer with reaction column as 
set forth in claim 9, wherein said peripheral side wall is 

5 perforate to allow passage of liquid therethrough. 

11. The mass transfer with reaction column as set 
forth in claim 10, wherein said container bottom panel 
supports the catalyst particles. 

12 . The mass transfer with reaction column as set 
10 forth in claim 10, wherein at least one of said upstanding 

walls of the tray cover has an aperture for permitting 
overflow of the liquid from the tray cover. 

13 . The mass transfer with reaction column as set 
forth in claim 12, including a slidable plate mounted for 

15 blocking a portion of the aperture to prevent liquid overflow 
from the tray cover until the liquid reaches the unblocked 
portion of the aperture. 

14 . The mass transfer with reaction column as set 
forth in claim 12, wherein said container peripheral side 

20 wall has a plurality of openings to allow for passage of 
liquid through the openings from within the container. 

15. The mass transfer with reaction column as set 
forth in claim 14, wherein said upstanding walls contain a 
plurality of openings for allowing passage of liquid through 

25 the openings. 

16 . The mass transfer with reaction column as set 
forth in claim 12 , wherein at least a portion of said tray 
cover is removable to allow for loading and unloading of 
said solid catalyst particles within said interior cavity of 
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at least one of said containers. 

17. The mass transfer with reaction column as set 
forth in claim 9, wherein said rows of containers in one 
layer extend at a right angle to the orientation of rows in 

5 an adjacent layer. 

18. The mass transfer with reaction column as set 
forth in claim 9, wherein said rows of containers in one 
layer extend parallel to the orientation of rows in an 
adjacent layer. 

10 i9. The mass transfer with reaction column as set 

forth in claim 17, wherein said containers in one layer at 
least partially overlap an open space between the containers 
in an adjacent layer. 

20. The mass transfer with reaction column as set 
15 forth in claim 19, including packing in said open space 

between the containers. 

21. A process of operating a mass transfer column 
structure for concurrent catalytic reaction of a liquid stream 
and mass transfer between the liquid stream and a vapor stream 

20 in a reaction with distillation region in the column 
structure, said process comprising the steps of: supplying 
a plurality of containers within the reaction with 
distillation region in the column structure, each of said 
containers comprising a peripheral side wall defining an 

25 interior cavity which contains a plurality of solid catalyst 
particles forming a catalytic reaction zone and a perforate 
bottom joined to the peripheral side wall to permit the 
passage of a liquid through the bottom of the container, 
each of said containers including a liquid collection tray 
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cover coupled with the peripheral side wall and overlying 
the interior cavity for accumulating liquid on the tray cover, 
said tray cover having a perforate panel to allow passage of 
liquid from the tray cover to the catalytic reaction zone 
5 and upstanding walls positioned along a periphery of the 
perforate panel; passing the vapor stream upwardly through a 
mass transfer zone within the reaction with distillation 
region; directing said liquid stream to the reaction with 
distillation region and directing at least a portion of the 

10 liquid stream onto the tray cover of one of said containers 
at a flow rate to cause the liquid stream to accumulate on 
the tray cover; passing a first portion of the liquid stream 
on the tray cover through the perforate panel of the tray 
cover and into the underlying catalytic reaction zone and 

15 catalytically reacting said first portion cl the liquid stream 
in the catalytic reaction zone to form a reaction product; 
directing said first portion of the liquid stream containing 
said reaction product from the catalytic reaction zone and 
into said mass transfer zone for interaction with the vapor 

20 stream; directing at least part of the first portion of the 
liquid stream from the mass transfer zone to another one of 
the containers for additional catalytic reaction and 
subsequent mass transfer; and withdrawing the reaction and 
mass transfer products from the mass transfer zone. 

25 22. The method of claim 21, including the step of 

regulating the liquid stream to cause accumulation of a 
portion of the liquid stream on the tray cover of said one 
of the containers to a level whereby a second portion of the 
accumulated liquid steam overflows the tray cover and does 
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not flow with said first portion through the catalytic 
reaction zone of said one container. 

23- The method of claim 22, wherein said step of 
supplying said containers includes the step of positioning the 
5. containers in a plurality of layers within said open interior 
zone with containers array such that a longitudinal axis of 
a container in one layer extends at an angle to a longitudinal 
axis of a container in an adjacent layer. 



WO 94/08681 



PCT/US93/09697 




WO 94/08681 



2/5 



PCT/US93/09697 




WO 94/08681 



PCI7US93/09697 




WO 94/08681 



PCT/US93/09697 



4/5 



Fig. 7. a" 



500 




200 




200 



X3^-502 



S7 V V.V V v. 



.V V V.V V V. 



"1 


I 


200 


•••.)•• 

ifef 








.\7 y v.y v v, 



WO 94/08681 



5/5 



PCT/US93/09697 




INTERNATIONAL SEARCH REPORT 



International application No. 
PCTYUS93/09697 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(5) :B01D"3/32; B01J 8/04 

US CL :203/29, DIG. 6, DIG. 16; 202/158; 261/114.4, 114.5; 422/191 
According to International Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 422/193, 195, 196, 197; 502/527 



Documentation 



searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



See Attached Sheet. 



Relevant to claim No. 



Further documents are listed in the continuation of Box C. Q Sec patent family annex 



"o- 
. p . 



Special categories of cited documents: 

docuaeotdermmx the general Mate of the art which • not considered 
to be part of particular relevance 

artier document publaAcd oa or after the international filing dale 

document which may throw doubts on priority claim(i) or which is 
cited to eatabuah the publication date of another citation or other 
ipecial rcaaoa (aa specified) 

document referring to an oral disclosure, uae, exhibition or other 



ku^ document publamed tiler the ntm^tia^fO^ dato or pfiotty 
date «id not mcoeTSc^ 
prmciple or theory imderb/ini the mveutton 

document of particular relevance; the ckimed invention cannot be 
coojiiered novel or cannot be considered to involve an mventrve step 
when me document « taken alone 



document of particular relevance; the claimed mveotxm cannot be 
considered to mvob/e an inventive step when the document is 
comb bed with one or more other such documents, such combmatwo 
being obvious to a person skilled in the art 



document pubusbed prior to the mternational filing 
the priority date claimed 



document member of the s 



t patent family 



Date of the actual completion of the international search 
27 DECEMBER 1993 



Date of mailing of the international search report 

12 JAN 1394 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
BoxPCT 

Washington, D.C. 20231 
Facsimile No. NOT APPLICABLE 



VIRGINA MANOHARAN 
Telephone No. (703) 308-38 44 



Form PCT/ISA/210 (second shect)(Ju!y 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US93/09697 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



a,p 



US. A. 5,026,459 (Quang et al) 25 June 1991 
See col. 3, lines 65-68 

US.A. 5,098,615 (Resetarits) 24 March 1992 
See col. 2, lines 57-64 

US.A. 5,013,407 (Nocca et al) 07 May 1991 
See col. 6, lines 22-33 

EP, A, 0,461,855 (Jones., Jr.), 01 December 1991 Seepage 3, 
lines 12-49 

US.A. 5,141,861 (Dale) 25 August 1992 
See col. 4, lines 54-57 

US.A. 4,836,989 (Aly et al) 06 June 1989 
See entire document 

US.A. 5,224,351 (Jeannot et al) 06 July 1993 
See entire document 

US.A. 4,978,807 (Smith, Jr.) 18 December 1990 
See entire document 



1-3, 5, 8, 9 
1-3, 5, 8, 9 
1, 3, 7, 9 
1-3, 5, 8, 9 



1, 3, 5, 8, 9 
1-9 

1-9 

1-9 



Form PCT/ISA/210 (continuation of second «heet)(July 1992)* 



